Ok Europaisches Patentamt 


lllIlllllllllillllllliHIllllHllllllllllllllllill 


(19) ^njj European Patent Office 




Office europeen des brevets 


(11) EP1 176 040A2 


(12) EUROPEAN PATENT APPLICATION 


(43) Date of publication: 


(51) int ci 7: B60H 1/03, F01 P 11/20, 


30.01.2002 Bulletin 2002/05 


F02N 17/06 


(21) Application number: 01118027.0 




(22) Date of filing: 25.07.2001 




(84) Designated Contracting States: 


(72) Inventors- 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Suzuki, Makoto, 


IUIC NL PT SE TR 




Designated Extension States: 


Toyota-shi, Aichi-ken 471-8571 (J P) 


AL LT LV MK RO SI 


• Arlsawa, Katsuhiko, c/oToyota Jidosha K. K. 




Toyota-shi, Aichi-ken 471-8571 (JP) 


(30) Priority: 26.07.2000 JP 2000225826 


• Tabata, Masakazu, c/oToyota Jidosha K. K. 


14.08.2000 JP 2000245930 


Toyota-shi, Aichi-ken 471-8571 (JP) 


(71) Applicant: TOYOTA JIDOSHA KABUSHIKI 


(74) Representative: 


KAISHA 


Leson, Thomas Johannes Alois, Dipl.-lng. 


Aichi-ken 471-8571 (JP) 


Tiedtke-Biihling-Kinne & Partner GbR, 




TBK-Patent, Bavariaring 4 




80336 Miinchen (DE) 



(54) Internal combustion engine having heat accumulator 



(57) According to an internal combustion engine of 
the invention, release operation of an antitheft device is 
selected as an event generating by necessity prior to 
the starting of an engine (1 0), and the pre-heat is started 
based on the generating timing of the selected event. 
The start timing of the release operation of the antitheft 
device is high in terms of both necessity as an event 
generating prior to the starting of the engine (10) and 
reproducibility of the time length from its start timing to 
an arbitrary starting timing of the engine (10). The pre- 
heat completed state can be secured by starting the pre- 
heat synchronously with this timing or at a predeter- 
mined timing based on the timing, even when the engine 
is started at an arbitrary timing. Exhaust characteristics 
and fuel consumption performance can be improved by 
optimizing the temperature distribution of the engine at 
starting. 
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SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 

1 . Field of the invention 

[0001] The invention relates to an internal combustion 
engine installed in a vehicle, which has a heat accumu- 
lator for accumulating heat temporarily, and sending it 
to a circulation passage where a heat medium flows, 
and more particularly, a control apparatus and control 
method for controlling the heat supply from the heat ac- 
cumulator to the circulation passage. 

2. Description of the Related Art 

[0002] In general, for an internal combustion engine 
installed in a vehicle such as automobile, it is undesira- 
ble to run the engine in the state where the temperature 
around a combustion chamber has not attained a pre- 
determined temperature (cold state) because this caus- 
es problems such as the fuel which is supplied to the 
combustion chamber not being sufficiently atomized, 
deteriorating the exhaust characteristics (emissions) 
and the fuel consumption performance. 
[0003] However, in practice, excluding the case of re- 
starting after a temporary engine stop, engines must run 
in a cold state from the moment of engine start until it is 
finished wanning up each time when the engine first 
started. 

[0004] In order to solve these problems, a heat accu- 
mulator having a function to accumulate heat generated 
by the internal combustion engine during running in a 
predetermined accumulation container, and release this 
accumulated heat to the engine in a cold state is known. 
[0005] For example, the heat accumulator for an in- 
ternal combustion engine described in the Japan Patent 
Application Laid-Open No. 6-185359 stores some of 
cooling water heated by the radiation from the engine 
keeping it hot even after the engine is stopped, and 
heats the engine early by releasing the stored heated 
cooling water to the cooling system (cooling passage of 
the engine) during the next engine start. 
[0006] However, it was likely that, normally, warm up 
is not completed to a preferable temperature at the in- 
stant of engine start even when hot water circulates 
through the cooling passage of the engine at the time of 
engine start, and the engine can not be started in a suf- 
ficiently warm state. That is, in some cases, it was im- 
possible to control the working state of the engine con- 
veniently, in relation to the heat supply timing to the en- 
gine or, the state after heat supply to the engine. 
[0007] Not limited to the internal combustion engine 
provided with a heat accumulator, the same problem oc- 
curs also in the other heat receiving objects requiring a 
certain level of warm up, in other words, heat supply, for 
securing a preferable working state. 



[0008] In view of the foregoing situations, the object 
of the invention is to provide a control apparatus of a 

s heat receiving object for performing optimal heat supply 
from a heat accumulator to the heat receiving object, 
based on the working state of the heat receiving object. 
Another object of the invention Is to provide an internal 
combustion engine with a heat accumulating means 

10 preferably functioning as such a heat receiving object. 
[0009] In order to achieve the aforementioned object, 
an internal combustion engine according to a first aspect 
of the invention comprises a circulation passage for cir- 
culating a heat medium, a heat accumulating means for 

is accumulating heat, and a heat supply means for sup- 
plying the circulation passage with heat accumulated by 
the heat accumulating means through the heat medium, 
and starts to supply the circulation passage with heat by 
the heat supply means at a timing set based on specific 

20 timing elements related to engine start, and priorto start- 
ing of the engine. 

[0010] Here, timing elements mean parameters in 
general concerning a period or time, and for example, 
start timing, end timing or period of a specific operation, 

25 or start timing, end timing or a period of the occurrence 
of a specific event or the like corresponding thereto. 
[0011] It is most desirable that the engine starts when 
a predetermined period has elapsed after the start of 
heat supply to the internal combustion engine by the 

30 heat accumulating means, for the optimization of the 
discharge characteristics and fuel consumption in the 
initial phase of engine running. And, it is preferable to 
match this engine start timing with a timing when a nec- 
essary and sufficient amount of heat supply to the en- 

35 gine is completed (completion timing of heat supply). 
[0012] It is possible to match the engine start timing 
with the completion timing of heat supply by starting the 
engine after the completion of heat supply taking the 
aforementioned start timing of heat supply as reference. 

io However, in a case where it is desired to startthe engine 
at an arbitrary timing, it is difficult to decide the afore- 
mentioned timing of heat supply retroactingf rom the tim- 
ing of engine start. 

[0013] According to the same constitution, it becomes 
is possible to set a start timing of heat supply retroacting 
by a proper period from the timing of engine start, even 
when the engine is started at an arbitrary timing by start- 
ing to supply heat taking as reference a specific event 
occurring necessarily priorto engine start. 
so [0014] Asforthetimingelements,forexample,thefol- 
lowing timings can be adopted: 

(1 ) Timing when working release of antitheft means 
is started. 

55 (2) Timing when the door for getting in and out of a 
vehicle installed with the engine is opened. 
(3) Timing when sitting in the driver's seat is detect- 
ed. 
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(4) Timing when fastening of the seat belt provided 
with the driver's seat of the vehicle is detected. 

(5) Timing when vehicle break operation is detect- 
ed. 

(6) Timing when clutch operation of the vehicle in 
which the engine is installed is detected. 

(7) Timing when release of a door lock for getting in 
and out of the vehicle is detected. 

[0015] By adopting the timings of (1) to (7) as the 
aforementioned timing elements, these operations are 
sufficiently high In both necessity prior to the starting of 
internal combustion engine, and reproducibility of oper- 
ation timing. Consequently, it is possible to reliably set 
an appropriate start timing of heat supply each time 
when the engine is started by deciding the start timing 
of heat supply based on these operation timings. 
[0016] In addition, according to a control apparatus of 
heat supply according to a second aspect of the inven- 
tion, heat supply to the heat receiving object is per- 
formed based on the establishment of predetermined 
conditions. These conditions are determined based on 
a specific state related to the starting of the heat receiv- 
ing object and, at the same time, the supply period of 
heat to the same heat receiving object is controlled 
based on the specific state related to the starting of the 
heat receiving object. 

[0017] Here, the aforementioned heat receiving ob- 
ject means anything performing any action, and to which 
heat Is supplied. In such a heat receiving object, the 
state of itself is affected by the degree of heat supply. 
According to the aforementioned constitution, it be- 
comes possible to set a start timing of heat supply ret- 
roacting by a proper period from the starting timing of 
the heat receiving object, even when the heat receiving 
object is started at an arbitrary timing, by starting to sup- 
ply heat taking as a reference, for example a specific 
event occurring necessarily related to the starting of the 
heat receiving object. 

[0018] Here, the heat receiving object may be a motor. 
[0019] When the heat receiving object is a motor, the 
working state during the starting can be controlled ap- 
propriately for a motor whose working state during its 
start is variable according to the heat coming in and go- 
ing out. 

[0020] An internal combustion engine according to a 
third aspect of the invention comprises a circulation sys- 
tem for circulating a heat medium, and a heat supply 
means for supplying the engine with heat accumulated 
by the heat accumulating means through the heat me- 
dium circulating in the circulation system, and makes the 
heat supply means supply a plurality of times the engine 
with heat, prior to engine start. 
[0021] Here, in addition to fluid such as gas or liquid, 
the heat medium includes also media including heat (en- 
ergy) latently but having practically no substance such 
as light or electric current. The circulation system for cir- 
culating such medium may be a circulation passage for 
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fluid such as, for example, a cooling passage of an in- 
ternal combustion engine, or an electric passage for 
electric current. Also, it may be a space for propagating 
radiation heat. 

s [0022] A plurality of times of heat supply means an 
aspect wherein increase and decrease (variation) of cal- 
orific value supplied by a unit time are repeated discon- 
tinuously or continuously. That is, it means both an as- 
pect wherein relatively high calorific value and relatively 

10 low calorific value are supplied alternately, and an as- 
pect wherein the heat supply is once suspended after a 
predetermined amount of heat is supplied, and then the 
predetermined amount of heat is supplied again. 
[0023] According to the aforementioned third aspect, 

is the heat supply is performed based on the continuous 
operation mode of the heat supply means. Consequent- 
ly, a finite amount of heat stored in the heat accumulat- 
ing means can be used for a longer period than a case 
where calorific value stored by the heat accumulating 

so means is discharged (consumed) continuously. That is, 
consumption of calorific value stored in the heat accu- 
mulating means prior to the starting of the engine can 
be prevented, or the temperature of the engine once el- 
evated can be prevented substantially from dropping 

25 again, even when the starting timing is unstable, for ex- 
ample, when the starting timing of the engine is delayed 
for some reason. 

[0024] Consequently, heat supply is reliably complet- 
ed at the time of starting the engine, even when the en- 

30 gine is started at an arbitrary timing. 

[0025] Here, at least one of the plurality of times of 
heat supply by the heat supply means may be per- 
formed during the starting of the engine. In this case, 
the heat supply is sustained during the starting initial 

35 phase of the engine, allowing to enhance further the dis- 
charge characteristics and fuel consumption concerning 
the starting of the engine. 

[0026] Moreover, a control apparatus of heat supply 
system according to a fourth aspect of the invention 

io makes the heat supply system supply the heat receiving 
object with heat a plurality of times, prior to when the 
heat receiving object starts operating. 
[0027] According to the same constitution, for exam- 
ple, the heat supply to a heat receiving object is per- 

45 formed based on a discontinuous operation mode of the 
heat supply system. Consequently, compared to a case 
where the calorific value store by the heat supply system 
is continuously discharged (consumed), heat stored in 
the heat supply system can be used for a long period of 

50 time, even if it is limited. 

[0028] Therefore, in the case of starting the heat re- 
ceiving object at an arbitrary timing, the heat supply is 
completed reliably at the moment of start thereof. 
[0029] Consequently, regarding the heat supply nec- 

55 essary for the starting of the heat receiving object, de- 
sired heat supply timing and heat supply amount re- 
quired for ensuring an optimal working state are applied 
reliably,. 
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[0030] Also, at least one of the plurality of times of 
heat supply by the heat supply system may be per- 
formed during the operation start of the heat receiving 
object. In this constitution, heat supply is sustained dur- 
ing the starting initial phase of the heat receiving object, 
allowing the working state necessary for the starting of 
the heat receiving object to be ensured more suitably. 
[0031] Here, the heat receiving object may be a motor, 
and the working state during the starting can be control- 
led appropriately for a motor whose working state during 
its start is variable according to the heat coming in and 
going out. 

[0032] Also, the motor may be an internal combustion 
engine, and the combustion state during the starting can 
be controlled appropriately for an internal combustion 
engine whose working state during its start is variable, 
according to the heat coming in and going out, combus- 
tion state depends especially on its working state, and 
wherein the heat supply to be performed in order to sta- 
bilize especially its combustion state is preferably com- 
pleted prior to starting. 

[0033] The aspects of the invention are not limited to 
the aforementioned internal combustion engine for a ve- 
hicle and a control apparatus of a heat receiving object. 
Another aspect of the invention is a control method of, 
for example, internal combustion engine or heat receiv- 
ing object. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] 

Fig. 1 is a schematic view showing a part of a vehi- 
cle installed with an engine system for a vehicle ac- 
cording one embodiment of the invention; 
Fig. 2 is block diagram schematically showing the 
electrical configuration of the engine system around 
an electronic control unit according to the same em- 
bodiment; 

Fig. 3 is a schematic constitution diagram showing 
the engine system for a vehicle according to the 
same embodiment; 

Fig. 4 is a rough sketch showing a partially enlarged 
view of the cross-sectional structure around a com- 
bustion chamber of an engine according to the 
same embodiment; 

Figs. 5A to 5C are schematic diagrams showing the 
outline of the engine system according to the same 
embodiment; 

Fig. 6A to Fig. 6C are time charts showing the tem- 
perature transition of a cylinder head, as the results 
of experimental modification of an operation mode 
of an electric pump of a heat accumulation contain- 
er; 

Fig. 7 is a flow chart showing a basic procedure for 
pre-heat control according to the same embodi- 
ment; 

Fig. 8 is a flow chart showing a pre-heat control pro- 



cedure according to a first embodiment of the inven- 
tion; 

Rg. 9 is a time chart showing the timing of a series 
of operation from opening of a driver's seat side 

s door to the operation of a starter; 

Fig. 10 is a flow chart showing a part of pre-heat 
control according to another embodiment; 
Fig. 1 1 is a flow chart showing the pre-heat control 
according to a second embodiment; 

10 Fig. 1 2 is a plan view of a key cylinder viewed in the 
insertion direction of ignition key; 
Fig. 13 is a flow chart showing a part of pre-heat 
control according to another embodiment; 
Fig. 14 is a flow chart showing a part of pre-heat 

's control according to another embodiment; 

Fig. 15 is a flow chart showing a part of pre-heat 
control according to another embodiment; 
Fig. 16 is a flow chart showing a part of pre-heat 
control according to another embodiment; 

20 Fig. 1 7 is a plan view of a key cylinder according to 
another embodiment viewed in the insertion direc- 
tion of an ignition key; 

Fig. 18 is a schematic diagram showing the outline 
of an engine system according to another embodi- 
es ment; 

Fig. 19 is a schematic diagram showing the outline 
of an engine system according to another embodi- 
ment; and 

Fig. 20 is a flow chart showing a part of pre-heat 
30 control according to another embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 [0035] Now, one embodiment wherein an internal 
combustion engine installed in a vehicle having a heat 
accumulator according to the invention is applied to an 
engine system for a vehicle will be described referring 
to drawings. 

40 [0036] Fig. 1 is a schematic view showing a part of a 
vehicle wherein an engine system for vehicle (internal 
combustion engine) according one embodiment of the 
invention Is installed. 

[0037] A vehicle 1 in which is installed an engine sys- 
45 tern for a vehicle (called engine system, hereinafter) 1 00 
as a transmission system is a vehicle of so-called auto- 
matic transmission system not requiring clutch opera- 
tion for its driving. As shown in Fig. 1 , a driver's seat 1a 
occupying a part of a compartment of the vehicle 1 corn- 
so prises a door for getting in and out (driver's seat side 
door) 3, an inner buckle 4 for fastening/unfastening a 
seat belt (not shown), a key cylinder 5 for starting and 
the like an engine body (not shown) provided in the en- 
gine system 100, an accelerator pedal 6 for adjusting 
55 the engine power of the same engine body, a brake ped- 
al 7 for braking the vehicle 1 , a shift lever 8 for switching 
over the function of a transmission (not shown), a dis- 
play device 9 for displaying image information such as 
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traffic information or the like on a screen, as well as al- 
lowing an input operation by touch operation, and a mi- 
crophone 9a for detecting the voice of the driver, and 
the like, disposed around and on the periphery of a driv- 
ing seat 2. The aforementioned various members 2 to 
9 and 9a disposed around the driver's seat 1a are con- 
nected electrically to an electronic control unit (ECU) 30 
respectively and directly, or through devices (sensors) 
for detecting the operation of the concerned members. 
[0038] Fig. 2 shows the outlines of the electric consti- 
tution of the engine system around the ECU 30. As 
shown in Fig. 2, various devices for outputting informa- 
tion concerning respective components of the vehicle 1 
or the driver as an electric signal, including a key cylin- 
ders, a sitting sensor 2a, a door opening/closing sensor 
3a, a door lock sensor 3b, a seat belt sensor 4a, a brake 
sensor 7a, a shift position sensor 8a, a microphone 
(sound sensor) 9a and a water temperature sensor 25 
and the like, are electrically connected to an external 
input circuit 36 of the ECU 30. 
[0039] The key cylinder 5 has a function as a so-called 
ignition switch for switching the operation mode of re- 
spective members related to the starting of the engine 
1 0, according to the operation of an ignition key 5A in- 
serted in the same key cylinder 5. That is, it turns ON 
and OFF a main power source of peripheral devices in- 
cluding, first of all, the display device 9 (refer to Fig. 1), 
a room lamp (not shown), an audio system (not shown), 
or indicator lamps, and a main relay for operating a func- 
tion to execute the running control of the engine 1 0 for 
the ECU 30 and further, outputs command signals to a 
starter 26, an igniter 1 9, a fuel injection valve 1 8 and the 
like related to the starting of the engine 10 through the 
ECU 30. 

[0040] In addition, the key cylinder 5 constituted a 
well-known antitheft device together with the ignition key 
5A. Namely, the ignition key 5 has a built-in communi- 
cation chip 5B where a specific code is recorded. Upon 
insertion of the ignition key 5A into the key cylinder 5, 
the key cylinder 5 reads the specific code recorded in 
the communication chip 5B and transfers the code to 
the ECU 30. The ECU 30 collates a registered code 
stored previously in itself with the aforementioned spe- 
cific code transferred from the keycylinder5 and permits 
the engine 1 0 to start only when both agree with each 
other. In other words, the engine 10 can not be started 
without the ignition key 5A having a built-in communica- 
tion chip where a regular code is recorded. Here, the 
collation of the aforementioned specific code with the 
registered code by the ECU 30 is called "release oper- 
ation of the antitheft device". 

[0041] The door opening/closing sensor 3a and the 
door lock sensor 3b are attached to the driver's seat side 
door3 (referto Fig. 1).The door opening/closing sensor 
3a identifies the open/close state of the driver's seat side 
door 3, and outputs a signal according to this identifica- 
tion. The door lock sensor 3b identifies whether the driv- 
er's seat side door 3 is locked or not, and outputs a sig- 



nal according to this identification. The sitting sensor 2 
built in the driving seat 2 (referto Fig. 1) identifies wheth- 
er the driver is seated or not, and outputs a signal ac- 
cording to this identification. The seat belt sensor 4a at- 

s tached to the inner buckle 4 identifies the fastened/un- 
fastened state of a seat belt (not shown) to/from the in- 
ner buckle 4, and outputs a signal according to this iden- 
tification. The brake sensor 7a attached to the brake 
pedal 7 outputs a signal according to the pressure to the 

10 brake pedal 7. The shift position sensor 8a attached to 
the shift lever 8 outputs a signal according to the position 
(shift position) of the shift lever 8 selected by the driver. 
[0042] On the other hand, to the external output circuit 
37 of the ECU 30, in addition to members for controlling 

'5 the running state of the vehicle 1 (engine system 1 00) 
such as the fuel injection valve 1 8, the igniter 1 9, an 
electric powered water pump (electric pump) EP, electric 
powered ventilation fans (electric fans) 22a and 23a, the 
starter 26 and the like, a lighting lamp 28 and a speaker 

20 29 and the like to be mounted in the compartment (for 
example, near the display device 9) of the vehicle 1 are 
connected electrically. 

[0043] As mentioned above, the display device 9 for 
displaying (outputting) image information such as traffic 

2s information and the like on the screen and, in addition, 
allowing an input operation by touch operation is con- 
nected electrically to both the external input circuit 36 
and the external output circuit 37. 
[0044] The ECU 30 comprises on the inside thereof a 

30 central processing unit (CPU) 31 , read only memory 
(ROM) 32, random access memory (RAM) 33, backup 
RAM 34 and a timer counter 35 and the like, and con- 
stituted a logical operation circuit by connecting these 
respective sections with the external input circuit 36 and 

35 the external output circuit 37 through a bus 38. Here, 
the ROM 32 previously stores various programs for con- 
trolling the running state or the like of the engine 10 of 
the engine system 100, including the fuel injection 
amount, ignition timing, and behavior of the cooling wa- 

40 ter in the cooling system 20, and the like. The RAM 83 
temporarily stores the results or the like of operations 
by the CPU 52. The backup RAM 34 is a nonvolatile 
memory for storing data even after the engine 1 0 has 
stopped running. The timer counter 35 performs the 

45 clock operation. The external input circuit 36 comprises 
a buffer, a waveform circuit, a hard filter, and an A/D con- 
verter and the like. The external output circuit comprises 
a driving circuit and the like. 

[0045] Thus composed ECU 30 executes various 
so controls of the engine system 1 00 concerning starting, 
fuel injection, ignition or cooling water behavior of the 
engine 10, based on signals from the aforementioned 
various sensors 2a, 3a, 3b, 4a, 7a, 8a, and 9a, key cyl- 
inder 5, and the display device 9 or the like taken in 
55 through the external input circuit 36. 

[0046] Fig. 3 shows the schematic constitution of the 
engine system 1 00 according to the same embodiment. 
[0047] As shown in Fig. 3, the engine system 100 
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comprises mainly an engine body (engine) 1 0, a cooling 
system 20 and an electronic control unit (ECU) 30. 
[0048] The casing of the engine 1 0 is formed with a 
cylinder block 1 0a as the lower level and a cylinder head 
1 0b as the upper level, with both of these members 1 0a 
and 1 0b closed together. Four combustion chambers 
(not shown) and intake and exhaust ports (not shown) 
for communicating respective combustion chambers 
with the outside are formed on the inside of the engine 
10. The engine 1 0 obtains a revolution driving force by 
explosion and combustion of the mixture (mixed gas of 
air and fuel) supplied through the intake port. 
[0049] The cooling system 20 is composed of a circu- 
lation passage (water jacket) A formed so as to surround 
the periphery of respective combustion chambers and 
intake and exhaust ports in the engine 1 0, a circulation 
passage B for circulating cooling water between the en- 
gine to and the heat accumulation container 21 , a cir- 
culation passage C for circulating cooling water be- 
tween the engine 1 0 and a radiator 22, and a circulation 
passage D for circulating cooling water between the en- 
gine 10 and a heater core 23 for heating. A part of the 
circulation passage A is used commonly with a part of 
respective circulation passages B, C, and D. Further, the 
circulation passage A can roughly be divided into a cir- 
culation passage A1 formed in the cylinder block 1 0a, a 
passage A2 formed in the cylinder head 1 0b, and a by- 
pass passage A3 communicating between the circula- 
tion passage A1 and the passage A2. 
[0050] That is, the cooling system 20 is a complex 
system constructed by combining a plurality of circula- 
tion passages for cooling water, and the cooling water 
circulating in this cooling system 20 cools down or heats 
respective sections of the engine 1 0 by exchanging heat 
with the same engine 10 as a heat medium. Note that 
the heat accumulation container 21 and the circulation 
passage B compose the heat supply system according 
to this embodiment. 

[0051] The aforementioned respective circulation 
passages A, B, C and D composing the cooling system 

20 are provided with various members for controlling or 
detecting behavior or temperature of the cooling water. 
[0052] The electric powered water pump (electric 
pump) EP operates based on the command signal from 
the ECU 30, and moves the cooling water in the circu- 
lation passage B in the direction of the arrow. 

[0053] The heat accumulation container 21 is provid- 
ed downstream the electric pump EP. The heat accumu- 
lation container 21 has a function to store a predeter- 
mined amount of cooling water in an adiabatic state from 
the outside. That is, as shown by the outline inner struc- 
ture of the same Fig. 3, the heat accumulation container 

21 has a double structure having a housing 21 a and a 
cooling water receiving section 21b arranged in the 
same housing 21a. The gap between the housing 21a 
and the cooling water receiving section 21b is main- 
tained substantially in a vacuum state for maintaining 
the space inside the cooling water receiving section 21b 



and the exterior in the adiabatic state. An introduction 
pipe 21 c for introducing cooling water sent from the cir- 
culation passage B (pump side passage B1) into the 
same container 21b, and a discharge pipe 21 d for dis- 

s charging cooling water in the same container 21 b to the 
circulation passage B (engine side passage B2) are dis- 
posed in the cooling water receiving section 21b. Cool- 
ing water discharged to the engine side passage B2 
through the discharge pipe 21 d is introduced into the 

10 cylinder head 1 0b of the engine 1 0, and flows preferen- 
tially through the path formed near the intake port of re- 
spective cylinders in the same cylinder head 10b. 
[0054] In addition, check valves 21 e and 21f disposed 
respectively in the middle of passage of the pump side 

is passageBI andtheenginesidepassageB2allowsonly 
the cooling water from the pump side passage B1 to the 
engine side passage B2 through the heat accumulation 
container 21 to flow, and restricts backflow. 
[0055] A mechanical water pump (mechanical pump) 

20 MP takes cooling water in the cylinder block 1 0a from 
an external passage P1 , during the operation of the en- 
gine 10, using driving force transmitted from the output 
shaft of the engine 10. When the mechanical pump MP 
operates according to the operation of the engine 10, 

25 cooling water in the circulation passage C and in the cir- 
culation passage B is urged to flow in the directions of 
the arrows, respectively. 

[0056] The radiator 22 disposed in the circulation pas- 
sage B radiates heat from the heated cooling water to 

30 the outside. The electric fan 22a drives based on the 
command signal from the ECU 30 to enhance the radi- 
ation effect of cooling water by the radiator 22. Moreo- 
ver, a thermostat 24 is provided in the middle of the cir- 
culation passage C and downstream the radiator 22. 

35 The thermostat 24 is a well-known control valve which 
opens and closes in response to the temperature level, 
opening to allow the cooling water to flow if the cooling 
water temperature in the circulation passage C near the 
same thermostat 24 exceeds a predetermined temper- 

40 ature (for example 80°C) andclosingto regulate theflow 
of cooling water when it is below the predetermined tem- 
perature. 

[0057] In otherwords, if thecooling watertemperature 
exceeds 80°C when the engine 10 is running (when the 

45 mechanical pump M P operates), the cooling water in the 
circulation passage C is allowed to flow, and the cooling 
water (engine 1 0) is forced to cool down by the effect of 
the radiator 22. For the engine 1 0, a state where its tem- 
perature (substantially equivalent to the cooling water 

so temperature in the cooling system 20) exceeds 80°C or 
is approximately near 80°C shall be the hot state and a 
state below 80°C the cold state. 
[0058] The heat core 23 for heating disposed in the 
circulation passage D heat a vehicle compartment (not 

55 shown) as necessary, using heat of the cooling water 
heated in the engine 10. The electric fan 23a driven 
based on the command signal from the ECU 30, facili- 
tates heat radiation of the cooling water passing through 
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the heat core 23 for heating and, atthesametime, sends 
hot air generated by the heat radiation from the cooling 
water into the vehicle compartment through an air pas- 
sage (not shown). 

[0059] For the cooling water circulating through re- 
spective circulation passages B, C, and D, the water 
temperature sensor 25 disposed in the middle of a com- 
mon passage from the engine 1 0 to the outside outputs 
a detection signal corresponding to the cooling water 
temperature (the cooling watertemperature) THW in the 
same passage to the ECU 30. 
[0060] Now, the structure around respective combus- 
tion chambers formed in the engine 1 0 will be described 
in detail, focusing on the passage for cooling water. 
[0061] Fig. 4 is a rough sketch (side view) showing a 
partially enlarged view of the cross-sectional structure 
around the combustion chamber, as a part of the internal 
structure of the engine 10. 

[0062] As shown in Fig. 4, the combustion chamber 
11 is positioned at the boundary between the cylinder 
block 1 0a and the cylinder head 1 0b, and is formed over 
a piston 13 moving up and down together with the rev- 
olution of the output shaft of the engine 1 0 in the cylinder 
12. The space in the combustion chamber 11 commu- 
nicates with the intake port 16 and the exhaust port 17 
respectively through the intake valve 1 4 and the exhaust 
valve 15, allowing the mixture to be introduced through 
the intake port 1 6 and the exhaust gas to be discharged 
through the exhaust port 1 7 when the engine is running. 
A fuel inject valve 1 8 attached to the intake port 1 6 sup- 
plies fuel by injection based on the command signal from 
the ECU 30. Fuel supplied by injection from the fuel in- 
jection valve 18 is atomized in the intake port 16 and 
taken in the combustion chamber 11 and forms a mix- 
ture with fresh air. Then, the mixture taken into the com- 
bustion chamber 1 1 is supplied for combustion when the 
igniter 19 also driven based on a command signal from 
the ECU 30 turns on a spark plug 19a at a appropriate 
timing. 

[0063] A cooling water passage (corresponding to a 
part of the circulation passage A1 shown in Fig. 3) Pc is 
formed in the cylinder block 1 0a so as to surround the 
periphery of the cylinder 12. In addition, an intake port 
side cooling water passage Pa (corresponding to a part 
of the circulation passage A2 shown in Fig. 3) and an 
exhaust port side cooling water passage Pb (similarly, 
corresponding to a part of the circulation passage A2 
shown in Fig. 3) are formed near the intake port 16 and 
the exhaust port 17, respectively, in the cylinder head 
10b. The behavior of cooling water circulating in the 
cooling system 20 including these respective cooling 
water passages Pa, Pb, and Pc (circulation passages 
A1 , A2) is controlled basically by the operation of the 
mechanical pump MP, the electric pump EP and the 
thermostat 24 as mentioned above. 
[0064] Next, the cooling system control concerning 
the behavior of cooling water to be executed by the en- 
gine system 1 00 according to this embodiment, through 
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the command signal from the ECU 30 or the like. There, 
the cooling system control by the engine system 1 00 is 
roughly divided into "control of cold time after engine 
starting", "control of hot time after starting", and "control 
5 priorto starting the engine (pre-heat control)" according 
to the difference in its execution timing and execution 
conditions. 

[0065] Fig. 5A, Fig. 5B, and Fig. 5C are schematic di- 
agrams showing the outline of the same engine system 

10 100 for illustrating howthecoolingwaterflowcirculating 
in the cooling system 20 of the engine system 1 00 (refer 
to Fig. 3) varies according to the running state and the 
temperature distribution of the engine 10. In Fig.5A, Fig. 
5B, and Fig. 5C, the passages wherein the flow of cool- 
's ing water is generated (including various members dis- 
posed in the middle of the passage) are indicated by a 
solid line, while the passages wherein the flow of cooling 
water is not or barely generated (including various mem- 
bers disposed in the middle of the passage) are indicat- 

20 ed by a dashed line. 

[0066] First, both Fig. 5A, and Fig. 5B show the engine 
system 100 wherein the engine 10 is running and the 
electric pump EP is stopped. However, Fig. 5A shows a 
state wherein the cooling water temperature near the 

25 thermostat 24 is 80°C or below in the cooling system 
20, while Fig. 5B indicates a state wherein the cooling 
water temperature near the thermostat 24 exceeds 
80°C similarly in the cooling system 20. 
[0067] As shown in Fig. 5A and Fig. 5B, when the 

30 electric pump EP is stopped, the cooling water substan- 
tially stops flowing along the circulation passage B, ex- 
cept for the circulation passage A, circulation passage 
C or circulation passage A2 composing a part of the cir- 
culation passage D, in the cylinder head 1 0b. 

35 [0068] At this time, if the cooling water temperature 
near the thermostat 24 is 80°C or below in the cooling 
system 20, the same thermostat (control valve) 24 clos- 
es, regulating the flow of cooling water from the same 
control valve 24 to the radiator 22. Consequently, only 

40 the cooling water in the circulation passage A and in the 
circulation passage B flows by the effect of the mechan- 
ical pump MP in the engine system 100 (Fig. 5A). 
[0069] Also, if the cooling watertemperature near the 
thermostat 24 exceeds 80°C in the cooling system 20, 

45 the same thermostat (control vaive) 24 opens, allowing 
the flow of cooling water from the same control valve 24 
to the radiator 22. Consequently, cooling water in the 
circulation passages A, C, and D flows by the function 
of the mechanical pump MP in the engine system 100 

so (Fig.5B). 

[0070] In this embodiment, the cooling system 20 
maintains basically the state shown in Fig. 5A or Fig. 5B 
while the engine 10 is operating as an engine. In addi- 
tion, the state of the cooling system 20 shown in the re- 

ss spective drawings is realized by "control of cold time af- 
ter engine starting" (Fig. 5A) or "control of hot time after 
starting" (Fig. 5C). 

[0071] In addition, Fig. 5C shown the engine system 
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100 wherein the engine 10 is in the stopped state and 
the electric pump EP is in the operating state. 
[0072] As shown in Fig. 5C, when the electric pump 
EP operates, the cooling water flows along the circula- 
tion passage B. At this time, since the engine 10 is 
stopped, the mechanical pump MP moving together with 
the output shaft of the same engine 1 0 is also stopped 
so that the cooling water barely flows in the circulation 
passage A, bypass passage A3, circulation passage C, 
and circulation passage C. Incidentally, the state of the 
cooling system 20 shown in Fig. 5C corresponds to one 
just before the engine 1 0 is started, and it to be realized 
by the aforementioned "pre-heat control". 
[0073] Hereinafter, the contents and the execution 
procedures of the aforementioned "pre-heat control" will 
be described in more detail. 

[0074] Fig. 6A, Fig. 6B, and Fig. 6C are time charts 
showing that the temperature transition of the cylinder 
head 10b becomes different as a result of experimental 
modification of the operation mode of the electric pump 
EP during the starting of the engine 10 for the engine 
system 100 shown in Fig. 2 to Fig. 5. Here, the time t1 
corresponds to the engine starting time of the engine 
1 0. A temperature transition pattern (called transition 
pattern, hereinafter) a shown by the broken line indi- 
cates the temperature transition of the case where the 
electric pump EP is not operated for starting the engine, 
while a temperature transition pattern p shown by the 
dashed line indicates the temperature transition of the 
case where the electric pump EP is started to operate 
at the same time as the engine starting. On the other 
hand, a temperature transition pattern y shown by the 
solid line indicates thetemperature transition of the case 
where the electric pump EP is started to operate a pre- 
determined period of time (5 sec for this embodiment) 
prior to the engine starting. In respective transition pat- 
terns a, p, and y, the engine 1 0 is supposed to be in the 
hot state, immediately prior to the end of the previous 
engine operation (when the engine stops). That is, it is 
supposed that water of a sufficiently high temperature 
is stored in the heat accumulator. 
[0075] As shown in Fig. 6A, in the transition pattern 
a, the temperature of the cylinder heat 1 0b elevates 
gradually by the exothermic effect of the engine 1 0 itself 
according to the engine operation after engine starting 
(timetl and thereafter). Depending on the environmen- 
tal conditions such as the air temperature and the like, 
at t3 after ten and several seconds to several tens of 
seconds or so have elapsed after timetl , when the tem- 
perature of the cylinder head 1 0b (substantially equiva- 
lentto the cooling watertemperature) reaches 80°C, the 
cooling water temperature (temperature of the cylinder 
head 1 0b) is maintained at a substantially constanttem- 
perature (80°C) by repeated opening and closing of the 
thermostat 24 near the concerned temperature. 
[0076] For the transition pattern p, the cooling water 
(hot water) stored in the heat accumulation container 21 
at a temperature of approximately 80°C or greater is to 
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be supplied in the cylinder heat 1 0b at the same time as 
the starting of the engine 1 0. In this case, after the start- 
ing of the engine 10 (time t1 and thereafter), the tem- 
perature of the cylinder head 1 0b (substantially equiva- 

s lenttothecooling watertemperature) at time t2 after ten 
seconds or so have elapsed after the engine starting 
(time t1 and thereafter) reaches approximately 80°C, 
and thereafter the cooling watertemperature (tempera- 
ture of the cylinder head 1 0b) is maintained substantially 

10 at a constant temperature (80°C). 

[0077] In the transition pattern y, hot water stored in 
the heat accumulation container 21 is to be supplied in 
the cylinder heat 10b prior to the starting of the engine 
10. The inventors have confirmed that the temperature 

is of the cylinder head 1 0b reaches a temperature equiv- 
alent to the cooling water temperature (60 to 80°C) in 
the heat accumulation container 21 within approximate- 
ly 5 to 1 0 seconds from the start of operation of the elec- 
tric pump EP. In the transition pattern y in Fig. 6, it is set 

20 to perform the starting of the engine 1 0 when 1 0 sec- 
onds have passed (time t1) after the start of operation 
of the electric pump EP at time to. 
[0078] Consequently, the engine 1 0 performs engine 
starting after the temperature of the cylinder head 1 0b 

25 has securely reached 80°C. Incidentally, according to 
the starting of the engine 10, cold cooling water (colder 
than the cooling water temperature in the circulation 
passage B) flows into the cylinder head 1 0b from a pas- 
sage space other than the circulation passage B in the 

30 cooling system 20. Therefore, at time t1 and thereafter, 
the temperature of the cylinder head 1 0b drops slightly 
and temporarily; however, it elevates again with the con- 
tinuous hot water supply from the heat accumulation 
container 21 and the exothermic effect of the engine 1 0 

35 itself accompanying engine operation, and is main- 
tained near 80°C by the effect of the thermostat. 
[0079] In the engine system 1 00 according to this em- 
bodiment, fuel supplied by injection to the engine 10 
from the fuel injection valve 1 8 is atomized in the intake 

40 port 1 6, taken in the combustion chamber 1 1 while form- 
ing a mixture with fresh air and this mixture is then sup- 
plied for combustion, as mentioned with Fig. 4. 
[0080] It is preferable that the temperature of the en- 
gine 1 0, especially the temperature of the inner wall of 

is the intake port 1 6 formed in the cylinder head 1 0b, ex- 
ceeds a predetermined temperature (60°C, and more 
preferably about 80°C) in view of rapid atomization of 
injection supplied fuel in the intake port 16 and suitably 
maintaining this atomized state. If the temperature of the 

so inner wall of the intake port 1 6 becomes lower, fuel tends 
to deposit on the same inner wall, making it difficult to 
atomize (evaporate) fuel efficiently, and to maintain the 
atomized (evaporated) fuel in that state. Such a disad- 
vantage concerning fuel evaporation may make it diffi- 

55 cult to optimize the combustion efficiency and the air- 
fuel ratio, and result in a deterioration of the discharge 
characteristics and fuel consumption. 
[0081] When the engine 10 is in cold state, if the en- 
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gine operation is sustained under the condition of no 
heat supply from the outside, it takes a relatively long 
time (time t1 to t3) for the temperature of the cylinder 
head 10b (intake port 16) to elevate sufficiently as 
shown by the transition pattern a in Fig. 6A. In addition, 
the deterioration of discharge characteristics and fuel 
consumption during warm up (time t1 to t2) is inevitable, 
even when hot water is supplied from the heat accumu- 
lation container 21 at the same time as, or immediately 
after, engine starting, in order to advance the warm up 
completion timing after engine starting as soon as pos- 
sible, as shown by the pattern p in Fig. 6A. 
[0082] Therefore, the engine system 1 00 is controlled 
(pre-heat control) so that cooling water is supplied from 
the heat accumulation container 21 to the cylinder head 
10b prior to starting of the engine 10, and warm up is 
completed prior to the starting time of the engine 1 0 
(shift the engine 1 0 from a cold state to a hot state), as 
shown by the pattern y in Fig. 6A. 
[0083] Nevertheless, it takes several seconds for the 
engine 10 to shift completely from the cold state to the 
hot state by supplying hot water from the heat accumu- 
lation container 21 . If the engine starting time of the en- 
gine 1 0 that the driver intends is too early compared with 
the timing of this shift completion, the engine is made to 
start prior to shifting to the hot state, and the fuel is not 
able to be atomized sufficiently. 
[0084] On the other hand, if the engine starting time 
of the engine 10 that the driver intends is too late, hot 
water stored in the heat accumulation container will be 
consumed wastefully compared with the timing of the 
shift completion. 

[0085] Therefore, in the engine system 1 00 according 
to the invention, an specific, essential operation prior to 
starting the concerned engine 1 0, and whose operation 
timing is substantially identical each time, is detected as 
a trigger of preheating. Then, the time when this opera- 
tion (trigger) is detected is taken as a timing element 
and the pre-heat start time (timing) is determined based 
on this timing element. 

[0086] Fig. 7 shows the basic procedure for "pre-heat 
control" according to this embodiment. That is, the heat 
supply from the heat accumulation container to the en- 
gine 10 prior to starting of the concerned engine (pre- 
heat) is performed by the following procedure. 
[0087] First, in step S1 , the ECU 30 judges whether 
or not the specific operation (trigger) is generated prior 
to starting the engine 1 0. This trigger may be an artificial 
one caused by the act of the driver or others, or a non 
artificial one, provided that it concerns an event of some 
necessity for the generation prior to the starting of the 
engine 10. 

[0088] Next, in step S2, conditions concerning the ex- 
ecution of pre-heat are set (or confirmed). 
[0089] The condition concerning the execution of pre- 
heat may, for example, be the time from the execution 
start of pre-heat to the pre-heat completion, or judgment 
criteria forjudging the pre-heat completion, for example, 



temperature elevation amount of the engine, supply 
amount of hot water supplied from the heat accumula- 
tion container to the engine. Moreover, the conditions 
as mentioned above may be operated based on the cur- 

s rent environment (for example, engine temperature or 
air temperature), or determined referring to a map orthe 
like. They may also be conditions during the pre-heat 
execution period (for example, flow rate of hot water 
supplied from the heat accumulation container to the en- 

10 gine). 

[0090] Further, in step S2, in a case when the current 
environment corresponds to a condition not requiring 
pre-heating, for example, in a case when it already ex- 
ceeds the cooling water temperature, it may judge not 

'5 to execute the pre-heat. 

[0091] Next, in step S3, the pre-heat is started and 
sustained based on, for example, the conditions set in 
step S2. Incidentally, a condition to prohibit the starting 
of the engine 1 0 according to the execution of this pre- 

20 heat may be added, so as to start the engine 10 when 
the warm up has definitely ended. As for the method for 
realizing the addition of such prohibitive conditions, the 
driver may be instructed (made to recognize) not to start 
the engine 10 while the pre-heat is sustained, or, auto- 

25 matic control wherein supplying hot water from the heat 
accumulation container is done in preference to engine 
starting, and a simultaneous execution of the same hot 
water supply and engine starting is prohibited. Also, a 
mechanical structure inhibiting to start the engine 1 0 pri- 

30 or to the pre-heat completion may be applied. 

[0092] Thereafter, the engine 1 0 is started (step S6) 
after procedures such as pre-heat continuation for a pre- 
determined period of time (step S4), completion (step 
S5) and the like. In step S6, the completion of pre-heat 

35 may be notified to the driver, and the actual starting of 
the engine 1 0 may be left to manual operation by the 
driver, or the ECU 30 or the like may control so as to 
perform the engine starting automatically after comple- 
tion of pre-heat. 

40 [0093] An operation presenting a high necessity of 
precedence over the engine 1 0 starting and a high re- 
producibility of operation timing is selected and the start 
timing of heat supply is determined based on this select- 
ed operation timing by performing the pre-heat control 

45 according to such basic procedures (control mode). 
Consequently, an appropriate heat supply start timing is 
set securely each time, and high reproducibility is as- 
sured for the temperature during the starting of the en- 
gine 1 0. In other words, the starting of the engine 1 0 can 

so be performed after a secured shifting of the engine 1 0 
to the hot state. Consequently, the disadvantages con- 
cerning the fuel evaporation are resolved, and the com- 
bustion efficiency and the air-fuel ratio can be optimized, 
and the discharge characteristics and fuel consumption 

55 can be improved. 

[0094] Next, the "pre-heat control" that the engine 
system 1 00 of this embodiment performs priorto starting 
the engine 10 according to the aforementioned basic 
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procedures (Fig. 7) will be described in detail referring 
to Fig. 8. 

[0095] Fig. 8 is a flow chart showing the process con- 
tents of the "pre-heat control routine" executed by the 
engine system 1 00 every predetermined interval of time 
while the engine 1 0 is stopped. The ROM 32 of the ECU 
30 previously stores a program concerning the following 
routine. 

[0096] When the process of the "pre-heat control rou- 
tine" shown in Fig. 8 starts, first in step S101 , it is judged 
whether or not the release operation of the antitheft is 
detected. If the judgment is positive, the process pro- 
ceeds to step S1 02, and terminates this routine if the 
judgment is negative. 

[0097] In step S102, it is judged if the actual engine 
state corresponds to the pre-heat execution condition. 
To be more specific, it is judged whether or not the tem- 
perature of cooling water (cooling water temperature) 
THW detected by the water temperature sensor 25 is 
lowerthan a predetermined temperature (preferably set 
to approximately 60°C). If the judgment is positive, it is 
recognized that the engine 1 0 is in a cold state, and the 
process proceeds to step S1 03, to execute the pre-heat. 
On the other hand, it terminates this routine if the judg- 
ment in the same step S1 02 is negative. 
[0098] In step S1 03, the operation of the electric pump 
EP is started, the hot water supply from the heat accu- 
mulation container 21 to the engine 1 0 is started, and at 
the same time, the time to the pre-heat completion (re- 
maining time) is displayed on the screen of the display 
device 9. 

[0099] Here, the operation of the electric pump EP is 
sustained for a predetermined period of time (for exam- 
ple 5 seconds) and the remaining time to the pre-heat 
completion is displayed consecutively on the screen of 
the display device 9 (step S104). 
[0100] When the pre-heat is completed, the ECU 30 
stops the operation of the electric pump EP and displays 
that the pre-heat has ended on the screen of the display 
device 9 (step S1 04). 

[0101] Finally, in step S106, the ECU 30 drives the 
starter 26 and, at the same time, performs automatic 
starting of the engine 10 by starting to operate the fuel 
injection valve 1 8 (fuel supply to the engine 1 0) and turn- 
ing on the spark plug 1 9a through the igniter 1 9. 
[0102] Incidentally, the process in the respective 
steps of the aforementioned "pre-heat control routine" 
corresponds to the process in any of the steps in the 
previous basic procedures (Fig. 7). That is, step S101 
(Fig. 8) corresponds to step S1 (Fig. 7), step S1 02 (Fig. 
8) to step S2 (Fig. 7), step S1 03 (Fig. 8) to step S3 (Fig. 
7), step S104 (Fig. 8) to step S4 (Fig. 7) and step S105 
(Fig. 8) to step S5 (Fig. 7), respectively. 
[0103] Here, as shown in the time chart of Fig. 9, a 
series of operations including (1) opening of the driver's 
seat side door 3 -> (2) sitting In the driver's seat 2 -> (3) 
insertion of the ignition key 5A into the key cylinder 5 -> 
(4) start of release operation of the antitheft device -» 
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(6) switching ON of the ignition switch -» (7) end of re- 
lease operation of the antitheft device -» (8) start of fas- 
tening the seat belt -> operation of the stator 26, can be 
said to be operations previous to the starting of the en- 

s gine 1 0 and almost essential for the driver of a vehicle 
with the engine system 100 installed. In this operation 
procedure, it is confirmed by the Inventors that respec- 
tive elapsed time from the execution period of various 
operations (1) to (8) to the operation of the stator are 

10 almost independent, for example, of sex, physical build 
and the like of the driver, and can be specified as values 
without individual difference and presenting relatively 
high reproducibility. 

[0104] Thus, engine starting can be performed in a 

'5 state where the engine 1 0 is almost out of the cold state 
by starting the pre-heat earlier than starting the con- 
cerned engine 1 0 (operation of the stator26) by approx- 
imately 5 to 1 0 seconds, as shown by the transition pat- 
tern y in the forgoing Fig. 4. 

20 [0105] In other words, if any execution timing among 
respective operations (1) to (8) is selected as one ele- 
ment (timing element), an appropriate pre-heat start tim- 
ing prior to the starting of the engine 1 0 (for example, 5 
seconds prior to the starting of the engine) can be de- 

25 termined based on this timing element. 

[0106] In the aforementioned "pre-heat control rou- 
tine", the release operation of the antitheft device is se- 
lected as an event generating out of necessity prior to 
the starting of the engine 1 0, and the pre-heat is started 

so based on the generation timing of the selected event. 
The start timing of the release operation of the antitheft 
device is not only of high necessity as an event gener- 
ating prior to the starting of the engine 1 0, but also has 
high reproducibility of the time length from its start timing 

35 to an arbitrary starting timing of the engine 1 0. 

[0107] Consequently, the pre-heat is executed in a 
most preferable mode by starting the pre-heat synchro- 
nously with the start timing of release operation of the 
antitheft device, or at a predetermined timing based on 

40 the timing. That is, the pre-heat is in a completed state 
at the time of starting of the engine 1 0, even when the 
engine 1 0 is started at an arbitrary timing. 
[0108] Here, if the time necessary for the release op- 
eration of the antitheft device is shorterthatthe time nec- 

45 essary for the pre-heat, sufficient heat supply to the en- 
gine 1 0 by the heat accumulator 21 will not be complet- 
ed, even when the release operation of the antitheft de- 
vice has ended. Even in such a case, the comfort of the 
driver when starting the engine can be ensured conven- 

so iently by informing the driver of the remaining time prior 
to completion of pre-heat or the like as by the series of 
operation in steps S1 04 to S1 06 in the aforementioned 
"pre-heat control routine". 

[01 09] Alternatively, the driver may be made to recog- 
55 nize that the release operation of the antitheft device is 
still continuing by sustaining the release operation of the 
antitheft device at least until the end of preheating or 
furtherthereafter, and displaying the time remaining un- 
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til the end of the same release operation, showing that 
the release operation of the antitheft device is still sus- 
tained. The comfort concerning the operation is suitably 
ensured when starting the engine 10 by also affording 
such artificial recognition to the driver. 
[01 10] In either case, the reproducibility of the susten- 
tion time of release operation of the antitheft device, that 
is, the length of time spent from its start timing to an 
arbitrary starting timing of the engine 10, is sufficiently 
high, and only a short time is spent from the insertion of 
the Ignition key into the key cylinder 5 for starting the 
engine 1 0 to the starting of the engine 1 0, and this length 
is almost identical every time. Thus, the driver hardly 
feels any inconvenience aboutthe operation concerning 
engine starting. 

[0111] As mentioned above, according to the "pre- 
heat control routine", executed by the engine system 
100 according to this embodiment, an event generated 
by necessity prior to the starting of the engine 1 0, and 
having high reproducibility of its generation timing is se- 
lected as a timing element, and the pre-heat period is 
controlled based on the same timing element, allowing 
engine operation to start when, at least, the temperature 
range where problems may occur concerning the atom- 
ization of supplied fuel has been securely exceeded af- 
ter the engine 1 0 is definitely no longer in a cold state. 
[0112] Consequently, the disadvantages concerning 
the fuel evaporation (atomization) during engine starting 
are resolved, and the combustion efficiency and the air- 
fuel ratio can be optimized, and the discharge charac- 
teristics and fuel consumption can be improved.. 
[01 13] In addition, as the second embodiment of the 
invention, the opening operation of the driver's side door 
3 can be applied in place of the aforementioned starting 
of release operation of the antitheft device. 
[0114] In this case, for example, the process of step 
S201 in the aforementioned "pre-heat control routine" 
(Fig. 8) may be replaced by the process shown in Fig. 
10. 

[0115] Namely, in step S1 01 , in the state where the 
shift lever 8 position (shift position) is in the position for 
parking (park position), the ECU 30 judges whether the 
opening operation of the driver's side door3 is detected 
or not. If this judgement is positive, process proceeds to 
step S202, and terminates the "pre-heat control routine" 
if this judgment is negative. At this time, the position of 
the shift lever 8 can be judged based on the output signal 
from the shift position sensor 8a, and the opening oper- 
ation of the driver's side door 3 can be judged based on 
the output signal from the door opening/closing sensor 
3a, respectively. 

[0116] Further, effects almost equivalent to those by 
the aforementioned "pre-heat control routine" of Fig. 1 0 
can be expected by applying the lock release operation 
of the driver's seat side door 3 in place of the opening 
operation of the driver's side door 3 as the aforemen- 
tioned trigger. In this case, the ECU 30 may judge 
whether or not the lock of the driver's side door 3 is re- 
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leased based on the output signal from the door lock 

[0117] Here, as shown by a temperature transition 8 
in Fig. 6, the temperature of the cylinder head 10b ele- 

5 vates to approximately 80°C (temperature of hot water 
stored in the heat accumulation container) and, there- 
after, drops gradually, at time t1 and thereafter, in the 
case of sustaining the hot water supply from the heat 
accumulation container 21 to the cylinder head 1 0b 

io started at time to without starting the engine 1 0. At this 
time, supposing the lower limit value of the temperature 
of the cylinder head 1 0b desirable for performing an ap- 
propriate starting of the engine 10 is a temperature L, 
the temperature of the cylinder head 1 0b becomes lower 

'5 than the temperature (lower limit value) L at time t1 ' and 
thereafter. In other words, the effect of warming up of 
the engine 1 0 by pre-heat is reduced. 
[0118] There, the consumption speed of hot water in 
the heat accumulation container can be substantially 

20 lowered all the way maintaining the temperature of the 
cylinder head 1 0b higherthan the lower limit value L, by 
temporarily stopping the supply when some of the hot 
water stored in the heat accumulation container 21 is 
supplied to the cylinder head 10b, and resuming the 

25 supply when a predetermined period of time has 
elapsed. That is, as shown by the temperature transition 
in Fig. 6C, the temperature of the cylinder head 10b 
higher than the lower limit value L can be maintained 
even when, for example, time t1' has elapsed by tem- 

30 porarily stopping the hot water supply started at time to 
near time t1 , and resuming the supply at time tc. Inci- 
dentally, if the engine 1 0 is started near time t1 ', the tem- 
perature of the cylinder head 1 0b elevates rapidly to 
near 80°C without dropping under the lower limit value 

35 L, as shown by the temperature transition. 

[01 19] In the engine system 1 00 according to this em- 
bodiment, the ECU 30 controls the operation of the elec- 
tric pump EP so that the temperature transition of the 
cylinder head 1 0b prior to and after the starting of the 

40 engine 1 0 realizes the transition pattern % in Fig. 6C. 
[0120] That is, the ECU 30 previously selects an event 
generating necessarily prior to starting the engine 10, 
and starts preheating according to the timing at which 
the event occurs. After the start of the pre-heat, hot wa- 

45 ter stored in the heat accumulation container 21 is dis- 
charged discontinuously by a predetermined amount to 
the circulation passage B (engine side passage B2) by 
temporarily stopping the electric pump EP after operat- 
ing it for a predetermined period of time, and thereafter 

so resuming its operation when the predetermined period 
has elapsed. 

[0121] Next, a concrete control procedure for dis- 
charging hot water stored in the heat accumulation con- 
tainer several times to the cooling route after starting 
ss the pre-heat of the engine system 1 00 will be described 
referring to the flow chart of Fig. 1 1 . 
[0122] Fig. 11 isaflowchartshowingtheprocesscon- 
tents of "pre-heat control routine" executed by the en- 
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gine system 100 when the engine 10 is stopped. ROM 
32 of the ECU 30 stores in advance a program concern- 
ing the following routine. 

[0123] This routine recognizes the opening/closing 
operation of the driver's seat side door 3 based on the 
output signal from the door opening/closing operation 
sensor 3a as a necessary operation performed by the 
driver priorto starting the engine 1 0, and judges whether 
or not the opening operation of the driver's side door 3 
(step S201). For instance, in step S201, the ECU 30 
shifts the process to step 202 upon detection of the 
opening operation of the driver's side door 3 in a state 
where the engine 1 0 is stopped, and terminates this rou- 
tine if this judgment is negative. 
[0124] In step S202, it is judged whether the current 
engine state corresponds to the pre-heat execution con- 
dition. To be more specific, if the temperature of cooling 
water (cooling watertemperature) THW detected by the 
water temperature sensor 25 is below a predetermined 
temperature (preferably set to approximately 60°C), it is 
recognized that the engine 1 0 is in a cold state, and the 
process proceeds to step S203 to execute the pre-heat. 
On the other hand, if the current engine state does not 
correspond to the pre-heat execution condition, or if the 
judgment in step S202 is negative, the pre-heat is not 
executed in this routine (at engine starting this time). 
[0125] In step S204, the operation of the electric pump 
EP is started to start a hot water supply from the heat 
accumulation container21 to the engine 1 0 and the driv- 
er is Informed that pre-heat is being executed by the 
lighting of the pre-heat lamp 28. Here, the operation of 
the electric pump EP is sustained until half of the total 
hot water amount stored in the heat accumulation con- 
tained is discharged to the circulation passage B (en- 
gine side passage B2) and then stopped. Incidentally, 
the temperature of the cylinder head 1 0b sufficiently ex- 
ceeds the lower limit value L described in Fig. 6B or 6C 
when half of hot water stored in the heat accumulation 
container 21 is discharged into the circulation passage 
B2. 

[0126] In the following step S204, operation of the ig- 
nition switch is recognized by the operation of the igni- 
tion key 5A being inserted into the key cylinder 5. 
[01 27] As shown in Fig. 1 2, viewed in the insertion di- 
rection of the ignition key 5A, the key cylinder 5 com- 
prises a circular rotor 5c having a slit 5b to insert the key 
5A, and an annular case 5d surrounding the outer pe- 
riphery of the circular rotor 5c with its own inner periph- 
ery. The case 5d constitutes the exterior of the key cyl- 
inder 5 body, and is fixed, for example, to an operation 
panel (not shown) of the driver's seat. The rotor 5c is 
formed so as to rotate within a limited range with respect 
to the case 5d when the ignition key 5A inserted in the 
slit 5b is turned. The ignition key 5A can be inserted into 
the slit 5b when the end of the slit 5b in the longitudinal 
direction is aligned with a position SW1 , marked "LOCK" 
on the case, as shown by the solid line in Fig. 1 2. 
[0128] When starting the engine 10, first, the driver 



(operator) inserts the ignition key 5A into the slit 5b and 
rotates it from the position SW1 , marked "LOCK", to a 
position SW2, marked "ACC", such that the main power 
source of peripheral equipment including room lamp 

s (not shown), audio (not shown), or navigator (not 
shown) is turned "ON". If the same ignition key 5A is 
further rotated to a position SW3, marked "ON" (shown 
by the two dot chain line in Fig. 12), a main relay for 
activating a function that executes driving control of the 

10 engine 10 for the ECU 30 is turned "ON". If the same 
ignition key 5A is further rotated to a position SW4, 
marked "START", the starter 26 operates to cranking the 
engine 1 0, and fuel injection supply by the fuel injection 
valve 1 8 and ignition of the evaporated fuel by the igniter 

is 1 9 start in synchronization with this cranking operation. 
As part of the process by this routine, the ECU 30 reg- 
ulates (locks) the rotation movement from the position 
SW3 to the position SW4 of the ignition key 5A inserted 
into the key cylinder 5 following the process transition 

so to stepS 103. 

[0129] In the same step S204, if it is recognized that 
the ignition key 5A is further rotated to the position SW3, 
marked "ON", the electric pump EP is started again to 
discharge (half of) the hot water remaining in the heat 

25 accumulation container 21 to the engine side passage 
B2 (step S205). As a result the total amount of hot water 
stored in the heat accumulation container 21 is dis- 
charged into the engine side passage B2. 
[0130] Thus, when the total amount of the hot water 

30 In the heat accumulation container 21 Is completely dis- 
charged, the ECU 30 turns off the pre-heat lamp 28 in 
the following step 106. 

[0131] Last, in step S207, the ECU 30 releases the 
control (lock) of the rotation movement of the ignition 

35 key 5A from the position SW3 to the position SW4. That 
is, the driver of the vehicle 1 can rotate the ignition key 
5A to the position SW and start the engine 1 0. 
[0132] After passing through the same step S207, the 
ECU 30 stops the process in this routine. 

40 [0133] According to the process procedure men- 
tioned above, the ECU 30 executes the pre-heat control 
priorto starting the engine 10. 
[0134] In the aforementioned "pre-heat control rou- 
tine", the electric pump EP is operation controlled to 

45 temporarily suspend the hot water supply to the cylinder 
head 1 0b at the point when the temperature of the cyl- 
inder head 10b has elevated to some extent, and to 
resume after a predetermined period of time. Inciden- 
tally, the period of time elapsed from the temporary sus- 

so pension of the electric pump EP in step S203 of the 
aforementioned "pre-heat control routine" until the elec- 
tric pump EP operation resumes in step 205 is sufficient- 
ly short (about 5 seconds in this embodiment), and 
meanwhile, the temperature of the cylinder head 10b 

55 does not drop under the lower limit value L described 
previously with Fig. 6B or Fig. 6C. 
[0135] In other words, according to this embodiment, 
a finite amount of hot water stored in the heat accumu- 
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latlon container 21 can be used for a period of time long- 
er than in the case where the total amount of hot water 
stored in the heat accumulation container 21 is dis- 
charged (consumed) continuously by executing the pre- 
heat based on a discontinuous operation mode of the 5 
aforementioned electric pump EP. Therefore, the tem- 
perature of the cylinder head 1 0b, once elevated, is sub- 
stantially prevented from dropping again, even when the 
starting timing of the engine 1 0 is delayed for some rea- 
son. io 
[0136] Moreover, the temperature of the cylinder head 
10b elevates to the temperature of hot water (around 
B0°C in this embodiment) in a short period of time by 
supplying the cylinder head 1 0b maintaining a predeter- 
mined temperature level (temperature exceeding the « 
lower limit L in this embodiment) again with hot water. 
Therefore, the pre-heat is securely completed when the 
engine 1 0 is to be started, even when the engine 1 0 is 
to be started at an arbitrary timing, by resuming the hot 
water supply immediately prior thereto (at a timing when 20 
the ignition switch is turned "ON" in this embodiment). 
[0137] Consequently, engine operation can be started 
when at least the temperature range where problems 
may occur concerning the atomization of supplied fuel 
has been surely exceeded after the engine 10 is defi- 25 
nitely no longer in a cold state. 
[0138] Consequently, the disadvantages concerning 
the fuel evaporation (atomization) during engine starting 
are resolved, and the combustion efficiency and the air- 
fuel ratio can be optimized, and the discharge charac- so 
teristics and fuel consumption can be improved. 
[01 39] The above advantages are also displayed with 
the installability of the heat accumulation container 21 
(heat accumulating apparatus) in the vehicle 1 since the 
capacity of the accumulation container 21 is not in- 35 
creased for obtaining these effects. 
[0140] In this embodiment, supply of half of hot water 
in the heat accumulation container 21 is started accord- 
ing to the opening/closing of the driver's side door 3, and 
next, supply of the remaining half is started when the 40 
ignition switch is turned "ON". 
[01 41 ] In addition , a depressing operation of the brake 
pedal 7 prior to starting the engine 10 can also be ap- 
plied as a trigger for pre-heat in place of the start of re- 
lease operation of the antitheft device in the aforemen- 
tioned first embodiment, or opening operation of the 
driver's side door 3 in the aforementioned second em- 
bodiment. 

[0142] In this case, for example, the process of step 
S1 01 of Fig. 8 or step S201 of Fig. 1 1 in the aforemen- so 
tioned "pre-heat control routine" may be replaced by 
step 301 shown in Fig. 13. 

[0143] In other words, the ECU 30 judges whether or 
not the depressing operation on the brake pedal 7 is de- 
tected in a state where the position of the shift lever 8 55 
(shift position) is in the position for parking (park posi- 
tion) in step S301 and shifts the process to step 302 if 
the judgment is positive and terminates the "pre-heat 
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control routine" if this judgment is negative. Here, the 
depressing operation of the brake pedal 7 can be judged 
respectively based on the output signal from the brake 
sensor 7a. 

[0144] Also, the seat belt fastening operation prior to 
starting the engine 1 0 can also be applied as a trigger 
for pre-heat in place of the start of the release operation 
of the antitheft device, or opening operation of the driv- 
er's side door 3. 

[0145] In this case, for example, the process of step 
S101 of Fig. 8 or step S201 of Fig. 11 in the aforemen- 
tioned "pre-heat control routine" may be replaced by the 
process shown in Fig. 14. 

[0146] In other words, the ECU 30 judges whether or 
not the door opening of the driver's side door 3 and the 
start of the seat belt fastening operation are detected as 
a series of operations in a state where the position of 
the shift lever 8 (shift position) is in the position for park- 
ing (park position) in step S401 and shifts the process 
to step 202 if the judgment is positive and terminates 
the "pre-heat control routine" if this judgment is nega- 
tive. Here, the shift lever 8 position can be judged based 
on the output signal from the shift position sensor 8a, 
the opening operation of the door 3 based on the output 
signal from the door opening/closing sensor 3a, and the 
seat belt fastening operation based on the output signal 
from the seat belt sensor 4a attached to the inner buckle 
4, respectively. 

[0147] Also, the seat belt fastening operation prior to 
starting the engine 10 can also be applied as a trigger 
for pre-heat in place of the start of release operation of 
the antitheft device, or opening operation of the driver's 
side door 3. 

[0148] In this case, for example, the process of step 
S1 01 of Fig. 8 or step S201 of Fig. 1 1 in the aforemen- 
tioned "pre-heat control routine" may be replaced by the 
process shown in Fig. 15. 

[0149] In other words, as shown in Fig. 15, the ECU 
30 judges whether the driver is seated on the driver's 
side seat in a state where the position of the shift lever 
8 (shift position) is in the position for parking (park po- 
sition) in step S501 and shifts the process to step 502 if 
the judgment is positive and terminates the "pre-heat 
control routine" if this judgment is negative. Here, the 
recognition of the driver being seated in the driver's seat 
is made based on the output signal from the sitting sen- 
sor 2a built in the driver's seat. 
[0150] Equally, a depressing operation of the clutch 
pedal prior to starting the engine 1 0 can also be applied 
as a trigger for pre-heat in place of the start of release 
operation of antitheft, or opening operation of the driv- 
er's side door 3. 

[0151] In addition, trigger for pre-heat pedal prior to 
starting the engine 1 0 can also be left to the driver's will 
in place of the start of release operation of the antitheft 
device, or opening operation of the driver's side door 3. 
[0152] In this case, for example, the process of step 
S101 of Fig. 8 or step S201 of Fig. 11 in the aforemen- 
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tioned "pre-heat control routine" may be replaced by 
step S601 shown in Fig. 1 6. 
[0153] In other words, in the process as shown in Fig. 
1 6, the ECU 30 judges whether a command signal con- 
cerning the pre-heat execution in step S601 , and shifts 
the process to step 602 if the judgment is positive and 
terminates the "pre-heat control routine" if this judgment 
is negative. Here, the command signal concerning the 
pre-heat execution may be output, for example, from the 
display device 9. That is, the apparatus may be formed 
to display a well-known touch panel (operation panel) 
on the screen of the display device 9, and to output a 
command signal concerning the pre-heat execution by 
a touch operation of the driver to the same touch panel. 
[0154] The pre-heat execution taking the driver's will 
as a trigger may be performed not only according to the 
configuration through the display device 9, but also 
through remote operation, for example, by building a 
transmitter for outputting the command signal concern- 
ing the pre-heat in the ignition key 5A or the like. 
[0155] Also, the pre-heat may also be executing by 
providing the ECU 30 with a well-known voice recogni- 
tion function, emitting a vocal command by the driver 
through, for example, a sound sensor (microphone) 9a, 
and taking this vocal command as s trigger. 
[0156] Adoption of such a configuration allows the 
driver himself/herself of a vehicle in which the internal 
combustion engine is installed to easily execute the hot 
water supply priorto the starting of the internal combus- 
tion engine, thereby improving the convenience con- 
cerning the operation of the heat accumulator. 
[0157] In addition, the operation of ignition switch as 
Fig. 12 can be applied as a trigger for pre-heat to the 
starting of the engine 1 0 in place of the aforementioned 
start of release operation of the antitheft device. 
[0158] That is, as shown in Fig. 12, the rotation to the 
position SW3 marked "ON" of the ignition key 5A 
(switching operation to "ON" of the ignition switch) is a 
necessary operation priorto starting the engine 10. It is 
confirmed by the Inventors that the period of time from 
the timing of the operation to the starting timing of the 
engine 1 0 (around 5 seconds) is almost without individ- 
ual difference and is highly reproducible. 
[0159] Consequently, effects equivalent or similar to 
the aforementioned embodiment can be expected by 
substituting step S101 of Fig. 8 or step S102 of Fig. 11 
in the "pre-heat control routine" with such an ignition 
switch switching operation, and applying it as a trigger. 
[0160] Further, another aspect shown, for example, in 
Fig. 17 can be applied to the configuration of the key 
cylinder 5. That is, an indication "PRH" is arranged be- 
tween the position SW3 marked "ON" and the position 
SW4 marked "START 1 in addition to indications "LOCK", 
"ACC", "ON" and "START', on the case 5d of the key 
cylinder 5. Then, the ECU 30 starts to pre-heat when 
the driver intentionally turns the ignition key 5A inserted 
in the key cylinder 5 to the position SW5 marked "PRH" 
through the position SW3 marked "ON" for starting the 



engine 1 0. According to such a configuration of the key 
cylinder 5 and the function of the ECU 30 related to the 
same configuration, a series of procedures from the in- 
tention of the driver to start the engine 1 0 to the starting 

s of the engine 10 through the execution/completion of 
pre-heat is performed promptly by a single operation of 
rotation of the ignition key 5A in one direction, since the 
pre-heat is started based on the driver's intention, as 
well as by necessity priorto starting the engine 1 0. Con- 

10 sequently, a sense of discomfort by the driver is limited 
to a minimum, even if the starting of the engine 10 is 
prohibited until the completion of pre-heat. 
[0161] The embodiment in which the function of the 
stator 26 is prohibited is not limited to one in which the 

is stator 26 is not allowed to operated even when the igni- 
tion key 5A is turned to the "START" position SW4; for 
example, the operation of the ignition key 5A inserted in 
the key cylinder 5 to the "START' position SW5 may be 
regulated or locked mechanically or electro-magnetical- 

20 ly. Further, it may also control so that the fuel injection 
valve 18 does not operate (does not injection supply fu- 
el) even when the starter 26 operates, and as the result, 
the engine 1 0 does not start. 

[0162] In addition, it may be learned which event is 
25 most appropriate as a trigger after execution of "pre- 
heat control" each time the engine is started in order to 
reflect the personality and the like of the driver. 
[0163] In the aforementioned second embodiment, 
three or more kinds of triggers such as a third trigger, 
30 fourth trigger and so on may be set in addition to the 
second trigger, with control such that the starting and 
stopping of the hot watersupply is repeated intermittent- 
ly. Further, after detecting the first trigger, the hot water 
supply can be stopped or resumed according the 
35 elapsed time thereafter and the temperature of the cyl- 
inder head 10b. 

[0164] Also, upon executing three ormore intermittent 
hot water supplies prior to starting the aforementioned 
engine 10, at least one hot water supply may be con- 
40 trolled so as to be performed at the same time as the 
starting of the engine 10. Such control mode allows for 
further improvement of the discharge characteristics 
and fuel consumption related to the starting of the en- 
gine 10. 

45 [0165] Here, "prior to" starting the engine 10 means 
"before", including the starting time of the engine 1 0. For 
example, in a case when the temperature of hot water 
stored in the heat accumulation container 21 is 80°C, 
even if the engine 10 is started when the temperature 

so of the cylinder head 1 0b has elevated to approximately 
50°C to 75°C, the discharge characteristics and fuel 
consumption in the initial phase of the starting of the en- 
gine 10 are certainly improved sufficiently, however, it 
can reasonably be expected that the discharge charac- 

55 teristics and fuel consumption in the initial phase of the 
starting of the engine 1 0 are improved still further by sus- 
taining the hot water supply thereafter. 
[01 66] The amount of hot water discharged to the en- 
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gine side passage B2 by hot water supply each time may 
not be equivalent. 

[01 67] Also, effects equivalent or similar to the afore- 
mentioned embodiment can be expected by substituting 
the control mode of discharging a predetermined 
amount of hot water, of hot water stored in the heat ac- 
cumulation container 21 , intermittently to the engine 
side passage B2 with a control to repeat the increase/ 
decrease of the flow rate of hot water directed to the 
cylinder head 1 0b from the heat accumulation container 
21, for example, by changing the driving force of the 
electric pump EP. 

[0168] Also, as forprocedures corresponding to steps 
S3 to S5 of the basic procedure shown in Fig. 7, the 
driver may be informed of pre-heat start, continuation or 
completion through the sound emitted by the speaker 
29 orthe lighting operation of the lighting lamp 28. 
[0169] According to the control procedure in the afore- 
mentioned "pre-heat control routine", for example, in 
step S102, if the cooling water temperature exceeds a 
predetermined temperature, the pre-heat is not execut- 
ed, or it is held. On the contrary, for example, the pre- 
heat execution period or output of the electric pump may 
be made continuously variable according to the degree 
of the cooling water temperature, improving the econo- 
my of electricity consumed by the electric pump EP and 
the warm up efficiency by the pre-heat. Further, if the 
control mode to prohibit the engine 1 0 from starting dur- 
ing the pre-heat execution is adopted, conditions (con- 
trol) may be set to relax the prohibition condition by re- 
leasing the starting prohibition (regulation) of the engine 

1 0 orshorteningthe prohibition period, while performing 
the pre-heat, when the cooling water temperature is 
equal to or below a predetermined temperature. 
[0170] Though in the "pre-heat control routine" of the 
aforementioned embodiment it is controlled to perform 
the automatic starting of the engine 10 after the release 
of thestarting prohibition of the engine 1 0 (step S106 in 
Fig. 8), after the end of pre-heat, the driver may simply 
be informed of the pre-heat completion to start the en- 
gine 10 manually. 

[0171] In addition, in the aforementioned embodi- 
ment, the output signal from the water temperature sen- 
sor 25 orthe temperature of cooling water (cooling water 
temperature) THW detected in one region of the cooling 
system was adopted as a parameter representing the 
temperature of the engine 10. Nevertheless, another de- 
tection means for obtaining information reflecting the 
temperature of engine 1 0 or the temperature of intake 
port 16 may also be adopted. For instance, a sensor for 
directly detecting the temperature of the engine 1 0 body 
orthe temperature in the intake port 1 6 may be installed, 
or an oil temperature sensor for detecting the lubricant 

011 temperature may be disposed. In addition, watertem- 
perature sensors may be disposed in a plurality of points 
in the cooling system for increasing detection accuracy. 
[0172] Substantially independent cooling water circu- 
lation passages are formed in the cylinder block 1 0aand 



the cylinder head 1 0b, as shown in Fig. 3, forthe cooling 
system 20 of the engine system 1 00 to be applied in the 
aforementioned embodiment. It is formed so as to con- 
trol the temperature of the intake port preferentially over 
5 other regions by flowing cooling water only in the circu- 
lation passage B between the heat accumulation con- 
tainer 21 and the cylinder head 10b, preferentially near 
the intake port especially in the cylinder head during the 
pre-heat. 

10 [0173] On the contrary, effects similar to the afore- 
mentioned embodiment can also be expected, for ex- 
ample, by an engine system 100' shown in Fig. 18, 
whose cooling system 20' is provided with a common 
cooling water circulation passage in the cylinder block 

is 1 0a and the cylinder head 1 0b forcirculating cooling wa- 
ter through the entire engine 10 during the pre-heat. 
[0174] Also, the invention can be applied to an engine 
system 1 00" shown in Fig. 1 9. 
[0175] In the engine system 100", a passage 20b and 

so a passage 20c are juxtaposed in the middle of the cir- 
culation passage 20a for circulating cooling water 
through the engine 1 0 as a part of its cooling system 
20", and the heat accumulation container 21 and a heat- 
er core for heating 23 are disposed in the middle of re- 

25 spective passages. The flow rate of cooling water flow- 
ing in the passage 20c is formed so as to be controllable 
by a flow control valve 24A. In the engine system 1 00" 
of such a configuration, the cooling water in the cooling 
system 20" flows in the opposite direction duringthe pre- 

30 heat and normal engine running. 

[0176] In other words, the cooling water flows in the 
direction of arrow X in the respective zones by the op- 
eration of the electric pump EP during the pre-heat, 
while the cooling waterflows in the direction of arrow Y 

35 in the respective zones by operating the mechanical 
pump M P in a manner so as to draw in the cooling water 
into the engine 10 during normal engine running. If the 
mechanical pump drives with the flow control valve in a 
full open state, the cooling water circulates in a state 

40 substantially enclosed in the engine 1 0 (arrow direction 
Z), and in such an embodiment, the cooling water tem- 
perature in the engine 1 0 can be warmed rapidly imme- 
diately after the starting of the engine 1 0, or the like. If 
such configuration of cooling system 20" is used with 

45 the "pre-heat control" according to the aforementioned 
embodiment, the warm up efficiency prior to and after 
the engine starting can further be improved. 
[0177] Alternatively, the engine 10 may be formed so 
as to circulate the cooling water in each of the portions, 

so for example, the region around the intake port 1 6 of the 
cylinder head 1 0b, the region around the exhaust port 
1 7 of the cylinder head 1 0b, and the cylinder block 1 0a. 
A preferential order may be set for elevating the temper- 
ature for improving the discharge characteristics and fu- 
ss el consumption at the initial stage of the starting of the 
engine 1 0, and control may be carried out so as to sup- 
ply hot water sequentially beginning from the portion 
highest in the preferential order. To be more specific, it 
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is preferable that, first, a part of the total amount of hot 
water stored in the heat accumulation container 21 is 
supplied to the region around the intake port 1 6, then, 
another part of the total amount of hot water stored in 
the heat accumulation container 21 is supplied to the 5 
region around the intake port 1 7 after a predetermined 
period of time, and thereafter, the remaining hot water 
stored in the heat accumulation container 21 is supplied 
to the cylinder block 10a. Also, a control logic may be 
constructed concerning the structure of the cooling sys- 10 
tern or the pre-heat execution so as to sequentially ex- 
pand the range of hot water supply (circulation) from a 
highly local range high in the preferential order to a larg- 
er range including portions lower in the preferential or- 
der, such as from hot water supply (circulation) to the 's 
region around the intake port 1 6 -» hot water supply (cir- 
culation) to the region including the periphery of the in- 
take port 1 6 and the periphery of the exhaust port 1 7 -> 
hot water supply (circulation) to the whole engine 1 0. 
[0178] Further, in the aforementioned embodiment, so 
the heat accumulator of the invention comprises the 
cooling system 20, 20' or 20" formed integrally with the 
engine 10 and the ECU 30. On the contrary, any appa- 
ratus that can accumulate heat by any method and sup- 
ply an internal combustion engine with heat priorto start 2s 
of the engine can fulfill the function of the heat accumu- 
lator of the invention. In other words, an apparatus ac- 
cumulating heat through oil or another heat medium, 
provided that it accumulates heat and functions as a 
heat source, or an apparatus for accumulating heat as 30 
electricity, or an apparatus for accumulating chemical 
materials containing heat latently and generating heat 
conveniently by its chemical reaction can also be ap- 
plied as a heat accumulator. Still further, the engine sys- 
tem, or other systems (apparatuses) corresponding to 35 
the same may be formed to supply heat by heat radiation 
or heat conduction from the heat accumulator without 
going through a heat medium such as cooling water. 
[0179] In addition, the object for application of the in- 
ternal combustion engine provided with such a heat ac- 40 
cumulatorfor performing the pre-heat is not limited to a 
vehicle. 

[0180] The internal combustion engine may be a so- 
called hybrid engine, provided with another driving 
means (for example, electric motor) for generating driv- 45 
ing force by the internal combustion engine in coopera- 
tion with another driving means (motor). In this case, for 
example, it may so controlled to perform the driving op- 
eration only by another driving means until completion 
of heat supply (pre-heat) from the heat accumulator. so 
[0181] Further, effects equivalent or similar to the 
aforementioned embodiment can be expected, with re- 
spect to performing control for optimizing the operating 
conditions, especially operating conditions during the 
operation start of the heat receiving object, when the ss 
invention is applied to any heat supply system having a 
function to supply heat to any heat receiving object in- 
cluding an engine, mechanism, equipment, driving cir- 
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cuit or other requiring some warm up, in other words, 
heat supply to secure good operating conditions, such 
as another simple driving means (for example, an elec- 
tric motor), a battery of fuel cell for supplying the electric 
motor with power, fuel injection valve, transmission, or 
the like. 

[0182] There, effects equivalent or similar to the 
aforementioned embodiment can be expected, when 
the invention is applied to any heat receiving object, for 
controlling the operating conditions of heat receiving ob- 
jects of such an internal combustion engine, electric mo- 
tor, fuel injection valve, transmission, orthe like, by con- 
trolling (for example, prohibiting or allowing) the stop 
timing or degree of driving conditions (for example, the 
output state) and various operating conditions such as 
a change gear ratio of the transmission, or others, with- 
out being limiting to the starting timing of the respective 
heat receiving objects. 

[0183] In the aforementioned embodiment, the inven- 
tion is applied to an automobile (vehicle 1) with a so- 
called automatic transmission system, not requiring 
clutch operation to drive the same. However, the inven- 
tion may be applied to a vehicle adopting a so-called 
manual transmission system. 

[0184] In this case, the prerequisite of the "state 
wherein the position of the shift lever B (shift position) is 
in the position for parking (park position)" is excluded 
from the judgment in steps S1 01 , S401 , and S501 in the 
"pre-heat control routine" of Fig. 1 0, Fig. 1 4, and Fig. 15. 
[0185] Moreover, as shown in Fig. 20, in step S701 , 
the ECU 30 judges whether or not the clutch of the ve- 
hicle is depressed, and shifts the process to step 702 if 
the judgment is positive and terminates the "pre-heat 
control routine" if this judgment is negative. Here, the 
recognition of the depressing operation of the clutch is 
made based on an output signal from a clutch sensor 
(not shown) mounted on the clutch pedal. 
[0186] Various sensor equipment or the display de- 
vice 9 or other disposed in the vehicle according to the 
aforementioned embodiment may be provided in corre- 
spondence to respective embodiments of the aforemen- 
tioned "pre-heat control", and all sensor equipment or 
other mentioned above are not essential elements for 
an embodiment. That is, it is sufficient to just have the 
necessary members (sensor equipment orthe like) dis- 
posed individually and selectively on the vehicle, inter- 
nal combustion engine or control apparatus, which is the 
object of application. 

[01 87] As mentioned above, according to the first as- 
pect, it becomes possible to set a start timing of heat 
supply retroacting by a convenient period from the start- 
ing timing of the heat receiving object, even when the 
engine is started at an arbitrary timing, by starting to sup- 
ply heat taking as reference a specific event occurring 
by necessity prior to the starting of the engine. 
[0188] In addition, an operation high in both of the ne- 
cessity of being prior to the starting of the internal com- 
bustion engine and the reproducibility of the operation 
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timing is selected and the start timing of the heat supply 
is determined based on this selected operation timing. 
Consequently, it is possible to securely set an appropri- 
ate start timing each time when the engine is started. 
[0189] Moreover, the sustention period of the heat 
supply by the heat supply device is contained within the 
working release operation period of the antitheft device 
such that the driver of the vehicle will not feel a sense 
of discomfort during the sustention of the heat supply. 
Consequently, it becomes possible to ensure the com- 
fort of driving operations for the driver sufficiently with 
respectto the starting of the internal combustion engine. 
[0190] The convenience with respect to the operation 
of the heat accumulator will also be improved as the driv- 
er himself/herself of the vehicle in which the internal 
combustion engine is installed can easily perform heat 
supply prior to the starting of the internal combustion 
engine. 

[0191] According to the second embodiment of the in- 
vention, a finite amount of heat stored in the heat accu- 
mulator can be used for a period of time longer than in 
the case where the quantity of heat stored in the heat 
accumulator is discharged (consumed) continuously. 
That is, the temperature of the engine, once elevated, 
is substantially prevented from dropping again, even un- 
der conditions in which the starting timing is unstable, 
for example, when the starting timing of the engine is 
delayed for some reason. 

[01 92] Consequently, the heat supply is reliably com- 
pleted upon starting of the engine, even when the en- 
gine is to be started at an arbitrary timing. 
[0193] Emission characteristics andfuel consumption 
with regard to the starting of the engine can further be 
improved, as the heat supply is sustained even in the 
initial stage of the starting of the engine. 
[0194] Moreover, even when the amount of heat 
stored in the heat accumulator is limited, it can be used 
for a period of time longer than in the case where the 
quantity of heat stored in the heat accumulator is dis- 
charged (consumed) continuously. 
[0195] Therefore, heat supply is reliably completed at 
the starting of the engine, even when the heat receiving 
object is to be started at an arbitrary timing. 
[0196] Consequently, regarding heat supply for the 
starting of the heat receiving object, the desirable heat 
supply period or heat supply amount required for ensur- 
ing the optimal operation state are reliably applied. 
[0197] In addition, the operation state for the starting 
of the heat receiving object can be ensured more con- 
veniently, as the heat supply is sustained even in the 
initial stage of the starting of the heat receiving object. 
[0198] According to an internal combustion engine of 
the invention, release operation of an antitheft device is 
selected as an event generating by necessity prior to 
the starting of an engine (1 0), and the pre-heat is started 
based on the generating timing of the selected event. 
The start timing of the release operation of the antitheft 
device is high in terms of both necessity as an event 



generating prior to the starting of the engine (1 0) and 
reproducibility of the time length from its start timing to 
an arbitrary starting timing of the engine (1 0). The pre- 
heat completed state can be secured by startingthepre- 

s heat synchronously with this timing or at a predeter- 
mined timing based on the timing, even when the engine 
is started at an arbitrary timing. Exhaust characteristics 
and fuel consumption performance can be improved by 
optimizing the temperature distribution of the engine at 

10 starting. 



Claims 

is 1. An internal combustion engine for a vehicle, char- 
acterized by comprising: 

a circulation passage (B) for circulating a heat 
medium; 

20 an heat accumulating means (21) for accumu- 

lating heat; 

a heat supply means (EP) for supplying the cir- 
culation passage (B) with heat accumulated by 
the heat accumulating means (21) through the 

2s heat medium; and 

a control means (30, S3, S103) for starting to 
supply the circulation passage (B) with heat by 
the heat supply means (EP), at a timing set 
based on specific timing elements related to 

30 starting of the engine, and prior to the starting 

of the engine. 

2. The internal combustion engine according to Claim 

1 , characterized by further comprising: 

an antitheft means (S1 01 ) for working while op- 
eration of the internal combustion engine is 
stopped, for preventing theft of the vehicle; 
in that 

40 the heat supply timing by the heat supply 

means (EP) is set taking the timing at which the 
working release of the antitheft means (S101) 
is started as the timing element. 

is 3. The internal combustion engine according to Claim 

2, characterized in that 

the working release operation of the antitheft 
means (S1 01 ) is sustained at least until the end 
so of heat supply to the circulation passage by the 

heat supply means (EP). 

4. The internal combustion engine according to Claim 
1 , characterized in that 

55 

the heat supply timing by the heat supply 
means (EP) is set taking the timing at which a 
door for getting in and out of the vehicle is 
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opened as the timing element. 

5. The internal combustion engine according to Claim 
1 , characterized by further comprising: 

a seating detection sensor (2a) for detecting a 
person seated in a driver's seat of the vehicle; 
in that 

the heat supply timing by the heat supply 
means (EP) is set taking the timing at which the 
seating of the person is detected as the timing 
element. 

6. The internal combustion engine according to Claim 
1 , characterized by further comprising: 

a seat belt fastening detection sensor (4a) for 
detecting fastening of a seat belt provided on 
the driver's seat of the vehicle; 
in that 

the heat supply timing by the heat supply 
means (EP) is settaking the timing at which fas- 
tening of the seat belt is detected as the timing 
element. 

7. The Internal combustion engine according to Claim 
1 , characterized by further comprising: 

a brake operation detection sensor (7a) for de- 
tecting a brake operation of the vehicle; 
in that 

the heat supply timing by the heat supply 
means (EP) is set taking the timing at which the 
brake operation is detected as the timing ele- 
ment. 

8. The internal combustion engine according to Claim 
1 , characterized by further comprising: 

a clutch operation detection sensor for detect- 
ing a dutch operation of the vehicle; 
in that 

the heat supply timing by the heat supply 
means (EP) is set taking the timing at which the 
clutch operation is detected as the timing ele- 
ment. 

9. The internal combustion engine according to Claim 
1 , characterized by further comprising: 

a lock that locks a door for getting in and out of 
the vehicle; and 

a lock release detection sensor (3b) for detect- 
ing release of the lock; 
in that 

the heat supply timing by the heat supply 
means (EP) is set taking the timing at which re- 
lease of the lock is detected as the timing ele- 



ment. 

10. The internal combustion engine according to Claim 
1 , characterized by further comprising: 

5 

an external input means (9, 5A) for making the 
controller recognize the timing elementthrough 
an input operation from outside. 

10 11. The internal combustion engine according to Claim 
1 0, characterized in that the external input means 
makes the input operation be executed remote from 
the vehicle. 

Js 12. The internal combustion engine according to Claim 
10, characterized in that the external input means 
makes the input operation be executed through 
voice. 

so 13. The internal combustion engine according to Claim 
1 0, characterized in that the external input means 
comprises a display for displaying an operation 
panel, and makes the input operation be executed 
through a touch operation to the operation panel. 

25 

14. The internal combustion engine according to any 
one of Claims 1 to 13, characterized in that the 
control means (30, S203, S205) supplies the engine 
with heat by the heat supply means (EP) a plurality 

30 of times after the start of the heat supply until the 
starting of the engine. 

15. The internal combustion engine according to Claim 
14, characterized in that the control means (30, 

35 S205) makes at least one of the plurality of times of 
heat supply by the heat supply means (EP) be ex- 
ecuted at the time of starting the engine. 

16. A control apparatus of a heat receiving object, char- 
40 acterized by comprising: 

a heat supply means (EP) for supplying a heat 
receiving object (10) with heat when a prede- 
termined condition is established; and 

45 a control means (30, S3, S1 03) for deciding the 

establishment of the predetermined condition 
based on a specific state related to the starting 
of the heat receiving object (10) and, at the 
same time, controlling the supply timing of heat 

so to the heat receiving object (10) based on the 

specific state related to the starting operation 
of the heat receiving object (10). 

17. The control apparatus according to Claim 1 6, char- 
55 acterized in that the control means (30, S203, 

S205) makes heat supply a plurality of times by the 
heat supply means (30) to the heat receiving object 
(10) be executed from after the start of supply of 
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heat to the heat receiving object (1 0) until the heat 
receiving object (10) starts to operate. 

1 8. The control apparatus according to Claim 1 7, char- 
acterized in that at least one of the plurality of times 
of heat supply by the heat supply means (EP) is ex- 
ecuted at the time of starting operation of the heat 
receiving object (10). 

19. The control apparatus according to any one of 
Claims 1 6 to 1 8, characterized in that the heat re- 
ceiving object (10) is a motor. 

20. The control apparatus according to Claim 1 9, char- 
acterized in that the motor comprises an internal 
combustion engine. 

21 . The control apparatus according to Claim 20, char- 
acterized in that 

the heat supply starts prior to the starting of the 
engine. 

22. The control apparatus according to Claim 21 , char- 
acterized by further comprising: 

an antitheft means (S101) for preventing theft 
of a vehicle; 
in that 

the specific state is a working state of the an- 
titheft means (S101). 

23. The control apparatus according to any one of 
Claims 1 6 to 22, characterized in that the heat 
supply is performed by a heat accumulating means 
(21) for accumulating heat. 

24. An internal combustion engine characterized by 
comprising: 

a circulation passage (B) for circulating a heat 
medium; 

a heat accumulating means (21 ) for accumulat- 
ing heat; 

a heat supply means (EP) for supplying the cir- 
culation passage (B) with heat accumulated by 
the heat accumulating means (21) through the 
heat medium; and 

a control means (30, S203, S205) for supplying 
the engine with heat a plurality of times by the 
heat supply means (EP) until the engine starts. 



26. A control apparatus of a heat supply system, char- 
acterized by comprising: 

a heat receiving object (10): 

5 a heat supply system (100) for supplying the 

heat receiving object (10) with heat: and 
a control means (30, S203, S205) for supplying 
the heat receiving object (1 0) with heat by the 
heat supply system (100) a plurality of times 

10 from afterthe start of supply of heat to the heat 

receiving object (1 0) until the heat receiving ob- 
ject (1 0) starts to operate. 

27. The control according to claim 26 or 27, character- 
's ized in that 

at least one of the plurality of times of heat sup- 
ply by the heat supply system (1 00) is executed 
at the time of starting operation of the heat re- 
20 ceiving object (10). 

28. The control apparatus according to claim 26, char- 
acterized in that the heat receiving object (1 0) is a 
motor. 

29. The control apparatus according to claim 28, char- 
acterized in that the motor comprises an internal 
combustion engine. 

30 30. A control method of an internal combustion engine 
including a circulation passage (B) that circulates a 
heat medium, a heat accumulating means (21) for 
accumulating heat, and a heat supply means (EP) 
for supplying the circulation passage (B) with heat 

35 accumulated by the heat accumulating means (21) 
through the heat medium, characterized by com- 
prising steps of: 

recognizing a specific timing element prior to 
40 the starting of the engine, concerning the start- 

ing of the engine; and 

starting to supply the circulation passage (B) 
with heat by the heat supply means (EP) prior 
to the starting of the engine, when the timing 
45 element is recognized. 

31 . The control method according to Claim 30, charac- 
terized in that the engine is supplied with heat a 
plurality of times by the heat supply means (EP) 
so from after the start of the heat supply until the en- 
gine starts. 



25. The internal combustion engine according to Claim 
24, characterized in that the control means (30, 
S205) makes at least one of the plurality of times of ss 
heat supply by the heat supply means (EP) be ex- 
ecuted at the time of starting the engine. 
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